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INTRODUCTION
Tuberculosis (TB) is one of the infectious diseases that contributes most to the morbidity and mortality of millions of people worldwide (1) . The development of the disease depends on factors associated with the causative bacillus (2) , the host, and socioeconomic factors. The cell wall of the bacillus is the most important virulence factor, allowing TB to survive in a latent state for decades. Some conditions, such as immunosuppression, an age of less than 4 years, malnutrition, and alcohol and drug abuse, increase the risks of developing TB (3) (4) . Socioeconomic factors, such as low income, lack of sanitation, living in close quarters, and environments with poor ventilation, also increase the opportunities for exposure to the bacillus and consequent illness (5) . Poor public health or weakened TB control programs can also contribute to the maintenance of the disease (6) . Studies have also demonstrated that poverty and low socioeconomic status are associated with poorer treatment outcomes for TB (7) . According to the World Health Organization (WHO), there were an estimated 8.6 million new TB cases in 2012, 13% of which was estimated to be coinfected with human immunodefi ciency virus (HIV), and 1.3 million deaths were reported due to TB (8) . Brazil is one1 of 22 countries that account for 80% of the TB disease burden worldwide, with an annual average of 70,000 new cases distributed among 27 states. The highest incidence rates have been registered in the States of Amazonas and Rio de Janeiro (9) .
The State of Amazonas, which is located in the northern region of Brazil, has a territory of 1,570,745.680km² that is divided into 62 municipalities, and it had an estimated whereas the state has an overall population density (10) of 2.2 inhabitants/km 2 . Cases of TB have been registered in the Amazonian population since the late nineteenth century, at which time the disease was the second leading cause of death in the population (11) . In 2012, data from the Information System for Notifi able Diseases [Sistema de Informação de Agravos de Notifi cação (SINAN)] showed that the incidence rate of TB in Amazonas was 68.3/100,000 inhabitants, which is very high when compared to Brazil's national average incidence rate of 36.1/100,000 inhabitants 9 . From 2001 to 2011, there were 28,198 registered cases of TB in the State of Amazonas, distributed among the 62 municipalities. The capital had the highest (68.7%) number of cases, followed by the municipalities of Manacapuru, Tabatinga, Itacoatiara, and Tefé. The overall distribution of both new and retreatment (relapse and return after abandoning treatment) TB cases is shown in Table 1 .
The temporal distribution analysis of the entire period showed that TB was more prevalent in males (59.3%), individuals between the ages of 15 and 34 years of age (45.5%), individuals whose race/skin color was predominantly parda (64.7%), given the huge interracial miscegenation with the indigenous people, and individuals who had not completed elementary education (56.6%). There were 1,929 registered cases of indigenous individuals who were residents of the municipalities that have a predominantly indigenous population, such as São Gabriel da Cachoeira (93% of the registered cases were in indigenous individuals), Itamarati (78.1%), and Santa Isabel do Rio Negro (70.1%). The pulmonary form of the disease was evident in 84.3% of cases. Sputum smear microscopy was performed for diagnosis in 92.1% of individuals over the age of 15 years. Mycobacterium tuberculosis cultures were performed for 7.7% of new cases and 21.4% of retreatment cases. HIV tests were performed in 25.6% of cases, with a positivity of 6.5% among new registered cases. As for the outcomes of the cases reported from 2001 to 2011, the cure rate among new smearpositive pulmonary TB cases was 73.1%, and the treatment dropout rate was 10.4%. The directly observed treatment (DOT) rate increased from 1.4% in 2001 to 56.5% in 2011.
All trends were evaluated using simple linear regression, in order to assess the direction of the slope, upward, downward or stable. Linear regression model fi tness was assessed by plotting the regression line, by examining the residuals and by the use of Pearson's correlation coeffi cient. There was a positive trend toward performing sputum cultures in new cases, increasing from 3. Table 3 . The outcome rates of this group during the study period included a 52.4% cure rate, a 12.8% dropout rate, and a 21.9% death rate. Compared to the overall rates during the study period, HIV-positive patients had a lower cure rate (p < 0.001), and both a higher TB death rate (p < 0.001) and treatment dropout rate (p = 0.028).
The incidence rate of TB in the State of Amazonas had a general downward trend but remained high throughout the analyzed period (p = 0.031) (Figure 1 ). In 2011, the Amazonas TB incidence rate was 62.3/100,000 inhabitants (9) , with a greater incidence in the municipalities of Atalaia do Norte (135.1/100,000), Manaus (87.7/100,000) and São Gabriel da Cachoeira (62.3/100,000).
The municipalities with higher numbers of registered cases among indigenous individuals included São Gabriel da Cachoeira (93%), Itamarati (78.1%), and Santa Isabel do Rio Negro (70.1%).
The mortality rate of patients with TB as the underlying cause of death, as reported by the Mortality Information System [Sistema de Informações sobre Mortalidade (SIM)], had an oscillating behavior, with a slight downward trend between 2001 and 2004, followed by a period of fl uctuation between 2.8 and 3.9 deaths/100,000 individuals until 2011 (p= 0.861) (Figure 1 ).
There were 81 confirmed cases of multidrugresistant-tuberculosis (MDR-TB) that were resistant to rifampicin and isoniazid during the study period, with the largest number of cases appearing in 2008. The annual increasing trend in the number of cases of MDR-TB was statistically significant (p = 0.002) during the study period (Figure 2) . The rise in the number of MDR-TB cases is derived from the increase in the availability of sputum culture in the State of Amazonas.
Overall, the incidence rate of TB in Brazil has been steadily decreasing (12) , whereas in the State of Amazonas, there has only been a slight decrease; therefore, the State of Amazonas remains as 1 of 2 states with the highest incidence rates in Brazil. The highest incidence rate tends to alternate between the States of Amazonas and Rio de Janeiro (9) . Within Amazonas, there are regions with very high incidences, as noted in a study conducted among the indigenous population in the Alto Rio Negro (AM) region, which revealed that the incidence rate was 273/100,000 inhabitants and that the mortality rate was 13.2/100,000, well above the state averages (13) .
The TB mortality rate remained stable over the study period, although it was well above the national mortality rate and below the mortality rate observed in the State of Rio de Janeiro (9) . Both the relative and absolute number of TB deaths in Brazil decreased between 2001 and 2010 (12) . However, in a study that examined the underreporting of tuberculosis in the SIM in Brazil, by comparing it to the SINAN, the percentage of unreported deaths in the country was 39.4%, and in Amazonas, the percentage was 36.9% (14) , suggesting a much greater mortality burden than has been reported for the state.
O n e a d d i t i o n a l c o n c e r n r e g a r d i n g T B mortality in Amazonas is the people living with h u m a n i m m u n o d e f i c i e n c y v i r u s / a c q u i r e d immunodeficienysyndrome (HIV/AIDS). A study conducted by the FMT-HVD implicated TB as the underlying cause of death in 28% of cases that went to autopsy (15) , reinforcing the hypothesis that TB is one of the most important causes of death in this population. In the City of Rio de Janeiro, a study using secondary data demonstrated that between 1996 and 2005, 9% of deaths among individuals living with HIV/AIDS were related to TB (16) . In São Paulo, Casseb et al (17) . reported a 10-year survival rate of 75% following diagnosis for patients who were TB/HIV-positive, compared to a survival rate of 96% for patients from the same cohort who did not have TB (p = 0.03) (17) . For diagnostic etiology, we observed that in the State of Amazonas, there was still a high use of sputum smear microscopy to diagnose pulmonary tuberculosis, remaining above 90%. However, the sensitivity of sputum smear microscopy in HIV patients is low; moreover, additional and time-consuming tests are needed for the early diagnosis of drug resistance. Quincó et al. (18) showed that the addition of a polycarbonate membrane filtration technique increased the sensitivity of sputum smear microscopy in HIV-infected patients at the FMT-HVD, achieving 61.9% in the HIV-positive group and 81.8% in the HIV-negative cases.
A study on the roll-out of Xpert MTB/RIF®, performed in the Cities of Manaus and Rio de Janeiro, showed a preliminary increase of approximately 34% in the diagnosis of pulmonary TB (19) . Based on this study, the National Commission on Incorporation of Technologies [Comissão Nacional de Incorporação de Tecnologias no SUS (CONITEC)] approved the use of Xpert MTB/RIF® for the diagnosis of TB and the detection of rifampin resistance within the Unifi ed Health System [Sistema Único de Saúde (SUS)] in Brazil (20) . The transition to Xpert MTB/RIF® represents an improvement in the diagnostic capability; in addition to providing results in approximately 2 hours and identifying rifampicin resistance, which is considered a strong predictor of MDR-TB, the test provides faster and more accurate results. However, it is still necessary to perform monthly sputum smear microscopy, cultures, and antibiotic sensitivity testing for other drugs as controls because the new test does not serve these purposes. The TB treatment dropout rate has several implications for disease control, such as disease persistence in individuals and in the community, a greater risk of developing MDR-TB, and the maintenance of TB indicators at undesirable levels because the cure rate is not increasing. As observed during this study period, treatment dropout rates remained stable, at approximately 10%, in Amazonas. Garrido et al. (21) previously reported treatment dropout, HIV positivity, alcoholism, low educational level, and the presence of other comorbidities as risk factors associated with TB treatment dropout in Amazonas. This group also reported that advanced age and DOT were protective factors (22) .
FUTURE PERSPECTIVES
Reducing TB morbidity and mortality in Amazonas, the state with the largest geographical area in the country, is a major challenge because of the obstacles that are unique to the Amazon region, such as the large territorial dispersion of the population and a low population density but with registered TB cases in all municipalities. Long distances make access to diagnosis and treatment services more diffi cult, frequently depending on the transport of biological samples from one municipality to another or the transport of individuals to the capital for specialized care. Decentralizing TB diagnosis and providing treatment in primary care services in all the state municipalities is one of the current priorities. One of the functions of the Family Health Strategy [Estratégia Saúde da Família (ESF)] is to provide care for TB patients, beginning at clinical suspicion and continuing through referral for diagnostic confi rmation, monitoring confi rmed cases via supervised treatment, and collecting monthly control sputum smear microscopy samples (22) .
However, the ESF coverage in the state only reaches approximately 50% of the population (23) . Considering the territorial dimensions and the dispersal of the disease throughout the state, additional strategies are needed to increase the diagnostic capability, especially in hard to reach populations (indigenous and riverine), HIV-positive individuals, and children (18) (24) . In addition, increasing the cure rate, reducing the treatment dropout rates, and increasing the involvement of all healthcare professionals, including ESF teams, epidemiologists, microscopists, indigenous health workers, and community leaders, is needed in the efforts to control TB.
The rural laboratory located in Tabatinga, AM is an example of a decentralized laboratory that can have a positive impact in the vast rural area (25) . The initiative to create a computerized laboratory results system from the Central Public Health Laboratories [Laboratórios Centrais de Saúde Pública (LACEN)], the Laboratory Environment Manager [Gerenciador de Ambiente Laboratorial (GAL)], is currently being implemented, which can expedite the transmission of results to places far from the capital (26) . There is still the question of diagnostics, and the incorporation of the Xpert MTB/RIF® system for routine laboratory monitoring in some municipalities may assist in diagnosing diffi cult cases, increasing the detection rate of TB cases, and facilitating the diagnosis of MDR-TB. Still, there is an urgent need to expand the diagnostic network and develop culture methods and tests that are more sensitive, accurate, and rapid that can be used in locations with scarce resources and that are diffi cult to reach.
Another exciting prospect for TB control in the Amazon is an expansion project by the Clinical Research Center [Centro de Pesquisa Clínica (CPC)] at the FMT-HVD. This project will create a hospitalization area for individuals with transmissible respiratory diseases, including TB, with isolation beds and a multidisciplinary team that will allow for increased research and provide expertise to aid in defi ning the strategic actions needed to control the disease.
The involvement of civil society in controlling TB is an important advance, as with the recent creation of the State Committee for the Control of Tuberculosis in State of Amazonas [(Comitê Estadual de Controle da Tuberculose do Amazonas CECTA)] (27) . All Amazonian municipalities will be encouraged to create a municipal committee to provide greater visibility to the problem and to establish partnerships between government and civil society to identify effective actions in controlling the disease. Improvements in the diagnostic capacity will aid in detecting cases, but this measure alone will not change the TB situation in the State of Amazonas. Strengthening the TB control activities in all municipalities will also be necessary, including an emphasis on identifying active cases, examining contacts, and completing DOT.
